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1. Hg In drilling fluig: -q.

2. Total Hg and Methyl SEdimentheal
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&
| sites.




Drilling Fluids

Formulated mixtures of clays, orgs
weighting agents (e.g., barite), bToCic

Circulated through drill stringfo™ "5 § |
lubricate drill bit and carry cuttingsoffl | .
sediment and rock to surface wheres® 1 = {,
cuttings are separated and discharge
S i
Drilling fluids used until altered by temperature,
pressure, chemistry; then discharged fo seafloor.
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H4in Drilling Fluid Solids
.. <10 ng/g to 3,000 ng/g (ppb)

[i.e., <0.01 to 3 pg/g (ppm)]

“m [ ...relative to background
[} levels of Hg in sediment

of 5 to 100 ng/g

Hg levels in drilling

| ,,F ’x o fluid are directly
o nl .~  related to levels of
LA ™ parite (BaSO,) — the
e;’*:;ﬁ“ 4 primary source of Hg
) in the fluids.
. :.! v “



Total Hg in barite (BaSO,)

Range <50 - 31,000 ng/g
Hg is a | Geom. Mean = 400 ng/g
natural
impurity
in barite
and is
not
directly
added to
drilling
fluids.

>
Q
=
=
op
O
—
o=

100 1000 10,000
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(Candler et al., 1992)

EPA (1993) set limit for Hg in barite @1000 ng/g (1 ppm).




Hg in drilling fluid barite.

Barite (BaSO,)
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Hg in drilling fluid barite.

keV Courtesy of Joe Smith, Exxon-Mobil keV









and Sulfide Minerals in Vein Deposits

Barite-
pyrite-
sphalerite
ore

Metamorphosed
Sedimentary Setting -
Australia

[~] Dolomitic 77 Pyrite-

Sphalerite-
Sideritic Galena
L Barite - Massive
Pyrite- Pyrite

Sphaelerite




 Separate-determination -of total Hg

. *High Trace Metal Barite

<1 ng/g released
0.2 0.6

H2O  Acetic Acid HCI AgR  Sum
(60-70°C)  (10%) Treatment

<0.1% of the total Ba (> = 535,000 pg/qg)
was leached with the four treatments.




pH leaching of barite for Hg release

<2 ng‘Hg/g barite was leached, or

<0.02% of total Hg in barite with
- 8,400 ng/g.




Total Hg in Sediment Near Drill Sites

Lake Pelto (ranges-from the |Gulf of Mexico)
El18
Brazos A1
HIA341
MAG686
VM3s1

o Neff (2002)
MC292
VK916
GB602
GB516
VK783
VK780
MP288
MC496
MC28
GC112
GB128
Bay De Chene
Delacroix Isle
Four Isle
HIA389
MUA85
GA288
MAI622a
MAI622
MAI686
Ala132a
Ala132
Mobile Bay

EW963 Trefry et al.,
GC112

o "' (2003
MP299

Total Hg (ng/g)

Concentrations of total Hg in sediment within 100-150 m of
drill sites are often 2-20 times more than background levels.




Sediment collected <100 m from drill site in Gulf of Mexico
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EPA regulates Hg at 1000 ng/g (ppb) in barite.
1000

800 | Estimate Total Hg ~600 ng/g for “industrial
' discharged at this site - - -

600 |

400 |

7Y =10.3X +47.6 -
r=0.94 '

(=)
~~
O)
-
N
O)
I
©
-
@
|_
e
-
)
£
L®;
()
7))

Sediment Total Ba (%)

Jackground Sediment

*at 53% Ba
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75 100 NAUTICAL MILES

— | MISSISSIPPI ALABAMA
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Cameron
Houston @ ~,
/jy

g

Cal Gulf of Mexico

92 EUGENE ISLAND
M AREABLOCK 346

AREABhOCK963
GREERCANYON 540 m
AREA BLOCK 112
ﬁ 534
== Sediment samples collected from 6 drill

m/ sites in the Gulf of Mexico during May 2002.




Mean £ Std Dev Range

FF* «-s2 60 %21 ng/g 11 - 92 ng/g

(sand) (clay)

* (n=109) + 94 nglg

Total Hg levels significantly higher @ NF sites

for 5 of 6 drill sites (t-test, >< = 0.05, two-
tailed).

*FF = Farfield @ >3000 m from drill site. **NF = Nearfield @ <100 m from drill site.




Mean = Std Dev

(n=109) + 0.41 ng/g
+ 0.27 ng/g

MeHg analyses by Frontier Geosciences
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S

Mean £ Std Dev Range

(n=109) + 0.41 ng/g Onglg

11
11

n =62 + 0.27 ng/g

abundant H,S present, stay tuned.

MeHg analyses by Frontier Geosciences
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Shelf Sediment - MeHg - Surface (0-2 cm)

1.0

Methyl Hg (ng/qg)
o
@)

0.0

1.0 i

| @o signif.@ B

MP299 ; MP288

@o signif.dE

o

(@))

£

T05 |
I 1 = T
| | OO | \
NF FF NF FF
n=8 n=6 n=6 n=8 n=6 n=6

* (t-test, 3< = 0.05, two-tailed).
NF = near-field (<100 m); MF = mid-field (100-250 m); FF = far-field (>3000 m)

1.0

Methyl Hg (ng/g)
o
O

0.0

El1346

i @signif.d@

—

NF FF
n=8 n=2 n=6




Methyl Hg (ng/g)

1.0

0.5

0.0

MeHg
EI346
0.30 £ 0.10
0.19 £+ 0.15( |l
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Nearfield Farfield
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Total Hg (ng/g)

Total Hg
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Nearfield Farfield
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In the presence of high levels of H,S, MeHg was not detected.



Total Hg (ng/g, dry wt.) in biota

Laboratory Exposure for 13 weeks to sediment
containing barite.

Species Control | LTMB?' | HTMB?
Sediment 20 120 15,000
FIounder 240 230 210
Clams 170 300* 690*
*Significantly higher than control. 1Low Trace Metal Barite

(Neff et al., 1989) ’High Trace Metal Barite



Total Hg (ng/g, dry wt.) in biota

Laboratory Exposure for 13 weeks to sediment
containing barite.

Species Control | LTMB?' | HTMB?

Sediment 20 120 15,000
Sand Worm 100 100 150
Grass Shr_lmp 150 350* 270

*Significantly higher than control. Low Trace Metal Barite
(Neff et al., 1989) ’High Trace Metal Barite



Produced Water — formation water
associated with petroleum deposit.

Total Hg in produced water
<10 — 200 ng/L

Total Hg in seawater
Gulf of Mexico
0.5-1.5ng/L




Hg in mussels (Mytilus edulis) deployed for 1
month in cages near oil production platforms in the

North Sea. (Roe Utvik et al., 2002)

Distance from Hg (ng/g)

Platform

0.5 km 18

0.5 km 18

0.5 km 16

1 km 15

10 kKm 18

10 km 18

15 km 16

>20 km 16




Hg in oysters collected from petroleum
production platforms.
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Total Hg in Chama (ng/g, dry wt.)

Discharge Reference



Total Hg in Red Snapper (ng/g, dry wt.)

Hg in red snapper fish collected under
petroleum production platforms.

600 | | | |
+ 20
400
200
0
SS VR EC =
Discharge Reference
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& " Neff (2002), Treffy et al. (2003)



Trefry et al. (1996), Neff §2002)



Source

Drilling Fluids
Produced Water
Miss. R. particles
Miss. R. dissolved

Atmosphere

SN MiSSiSSibpi River Particles
! (100 pg Hglkg) x (210 x 10° kglyr)=

e

by Y]
r

e
B

= 21,000 kg particulate Hg/yr

- m—

Trefry et al. (1994), Neff (2002)



Source

Drilling Fluids

Produced Water

Miss. R. particles

Miss. R. dissolved

Atmosphere

" USGS (1995), TTfry et al. (1994), Neff (2002)



Source
Drilling Fluids
Produced Water
Miss. R. particles 21,000

Miss. R. dissolved 1,200
Atmosphere

<N

Atmospheric Inputs to GOM Shelf

5,100 kg Hglyr

Ne}f (2002), several Wthlers.



Source
Drilling Fluids
Produced Water

Miss. R. particles

Miss. R. dissolved
Atmosphere

& 300 40
G =~ 1.2 % of river and

1,000 1,200 5,100 atmospheric inputs




Summary

1. Primary source of Hg in drilling fluids is barite —
present as sulfide phase — Hg not easily
= Ieached from barlte

— 2 | COncentratlons of Total Hg 3|gn| cantly greater
| m NFvs FF sedlment at most drlllmg S|tes

;_--?-'.‘ —
= —

in NF VS FF sedlment at 6 drlllmg sutes

--—, et - —

f‘ 4. Hg inputs to the Gulf o Mexi from drilin
' fluids and produced water are estimated at 340
kglr.




Conclusions

1. Based on available data, inputs of Hg to the Gulf of
Mexico from petroleum drilling fluids and
produced water account for ~1% of total Hg inputs

____to the continental shelf of the GOM.
-' «-—2 (a) Studles of Hg at various drill sites in shelf and
' —slope waters. may provide some potentially useful
lns1ghts to chemical reactlons mvolvmg Hg.—

e ”'r'"-‘- '-—-_--____._._

L%Siuﬂie'ssf Hg in benthic biota and pore water at "
~—~___ various drill sites may be valuable.- |

—

e

#3 Grobally, studres of Hg in drlllmg discharges seem to be
~ alower] pnonty than‘sfudies of ojher Hg sgurces
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Extra Slides: Supplement to Presentation

Florida Institute of Technology Drilling Fluids Team



and Sulfide Minerals in Vein Deposits

Volcanic/Sedimentary Setting - Japan®

Barite
“Yellow ore” sulfides Metamorphosed Sedimentary Setting -

Australia”™

~ “Black Ore” sulfides

O R pyrite-
Gy e AR sphalerite
ore

[~ Akamori Tuff Zir;‘tgim”s ~__ Barite
‘4] Black Ore Yellow Ore /| Siliceous Yellow Ore
D Gypsum Siliceous Ore Motoyama
[C7] White Rhyolite  [-] Uwamuki Tuff Voleanic Breccia - b » .

Breccia olomitic 7] Pyrlte-

Sphalerite-
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Barite - Massive
Pyrite- Pyrite
Sphaelerite



Hg =410 ng/g in duscharged barlte

1000

Lease Block MC 496
800

600 1

400 ¢

Y = 63X+790
r=0.89

30

Results for
Gulf of Mexico
sediment

Total Hg (ng/g)

40 50 60

1400

Hg = 980 nglg dlscharged barlte

1400

Lease Block GC 112
1200 |

1000 |
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r=0.92

Hg =700 nglg in dlscharged barlte

Lease Block EW 963
1200

1000
800
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Y =17.0X+77.4"
r=0.97 ]

0




Predicting Biological Effects in Sediments
Long et al. (1995)

Mercury
(ng/g)
Background sediment 10 - 80
Effects Range Median Adverse effects
@)
Adverse effects occasional between and ERL.
Effects Range Low (ERL) 150  Adverse effects

rare @ <ERL




ERM =710 ng/g




FF and NF upper slope

Al (%)




Upper Slope Sediment - MeHg - Surface (0-2 cm)

1.0

Methyl Hg (ng/g)
o
O

0.0

MetHyI Hg (hg/g) |

MC496 EW963
1.0 T
=)
Fs)) 0
(=
o
0o - = o % w /
; . A/“
1 £0.5
1 o) i
- CNo signif.dif. D No signif.dif. >
| | | 00 * ,
n=8 n=6 n=6 n=9 1=3 -

* (t-test, 3< = 0.05, two-tailed).

GC112

@ signif.dD
0

.H

NF MF FF
n=8 n=2 n=7



Farfield stations

...a natural note.
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100
S 80 Py i
? - T
o 90 ~60% greater,
ch 40 naturally in .
5 i upper slope 1
— 207 sediment I
0 FF FF

Shelf Sediment Upper Slope Sediment




FF and NF Shelf -

Methyl Hg (ng/g)




Sediment Depth (cm)

Sediment Depth (cm)

Methyl Hg (ng/g) —@—
L0 05 /M 15 20
5 - -
10 .
15 .
i GC112 FF1
20 1 1 1 1 1 1 1
0 200 400
Total Hg (ng/g) —A—
Methyl Hg (ng/g) —@—
0.0 0.5 1.0 1.5 20
0 T T T T T T T
5 - -
10 .
151 .
i GC112 NF D1
2 1 1 1 1 1 1
0 0 200 400
Total Hg (ng/g) =

Sediment Depth (cm)

Sediment Depth (cm)

Oxygen (uM)

0 0 50 100 150 200 250
5 - -
10 N
15 1 7

GC112 FF1 |
20 1 1 1 1

Oxygen (uM)

0 0 50 100 150 200 250

5 - -

10 | -

15 1
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Eh (mV)
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20 1 1 1 1 1
Eh (mV)
6200 100 400 700
L I J
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L I _
5 |
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20 1 N 1 N
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« MeHg concentrations in sediment appear
tied to redoxcline (AEh = - 400 mV)

* Formation favored at Eh of 0 + 100 mV

- Formation less favored in presence of H,S,
Eh <100 mV

Drilling muds can create an environment
that limits methylation relative to ambient
conditions.

Drilling muds can create an environment
that favors methylation relative to ambient
conditions.




GULF OF MEXICO GAS AND OIL FIELDS
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GULF OF MEXICO GAS AND OIL FIELDS
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Total area ~340,000 km?

H._L
100 m _radius -

4000 drilling sites x (0.1 km)? x (3.14) ~ 125 km?

(125 km?/ 100,000 km?) = 0.13% of area occupied
by “foot prints” of drill sites




GULF OF MEXICO GAS AND CIL FIELDS

f—ﬁ—f—

|0 S |

- ~ 2
20% of sites Total area ~340,000 km

(25 km?) x (3 x 10'° g/km?) x (2.5 — 0.44 ng MeHg/g sed.) = 1545 g MeHg

Sediment in top 2 cm over 1 km?

(99975 km?) x (3 x 107° g/km?) x (0.44 ng MeHg/g sed.) = 1,320,000 g MeHqg

(1,320,000/1,321,545) > 99.9% of all MeHg in
OCS sediments not tied to oil and gas activities.







